The evolution of the Robertson-Walker type universes consisting of radiating perfect fluid distribution coupled with zero-mass scalar field in which the gravitational parameter G varies with cosmic time t are studied. Unified descriptions of the early evolution of the universe consisting of different phases are investigated. The different properties of the cosmological solutions are discussed and the physical behaviour of the model universes during the radiation-dominated era and also during the big bang scenario are studied. Here we obtain models which are geometrically closed and are thereby ever expanding and evolve from rest from a nonsingular hot origin with maximum (finite) energy density and temperature and a small minimum (non-zero) gravitational coupling G.
Introduction
Though it is generally accepted that the Newtonian constant of gravity G plays the role of a coupling constant between geometry and matter in the Einstein field equations, it appears natural to look at this constant as a function of time in an evolving universe. There are extensions of Einstein's theory of gravitation in which G is taken to vary with time [1] . In general relativity G plays the role of a coupling constant between geometry and matter in Einstein's field equations. The value of G is to be constant, since G-constancy is in-built as a manifestation of the principle of equivalence. A breakdown from the principle of equivalence, in any form, would constitute a departure from Einstein's general relativity. The time-dependence of G follows as a natural consequence of Dirac's large number hypothesis [2] . The implication of time-varying G will become more important at the early stage of the evolution of the universe.
[3] studied the homogeneous and isotropic cosmological model in which the parameter gamma of "Gammalaw" equation of state p = (γ-1) ρ varies continuously with cosmic time t. He studied the evolution of the universe as it goes from an inflationary phase to a radiationdominated phase. [4] obtained a singularity-free model of the evolving universe with matter and studied the transition from the beginning to the radiation-dominated and matter-dominated periods of the universe.
Some workers studied the problem of the universe by linking the variation of G with that of the cosmological constant Λ leaving the form of the field equations unchanged and preserving the conservation of the energymomentum tensor of the matter content by [5] [6] [7] [8] . The possibility of an increasing G was also suggested by [9] . The possibility of the creation field with G varying as some powers of t discussed by [8] . [10] also presented exact solutions for zero pressure Robertson-Walker cosmological models with G varying as some powers of R. A spatially flat FRW model wherein the vacuum energy density has been taken to vary as the radiation energy density discussed by [11, 12] discussed about the effect of bulk viscosity on the early evolution of universe, [13] discussed about early universe with variable cosmological and gravitational constants in higher dimensional space time. [14, 15] discussed about the cosmology of the very early universe and structures in the Universe by exact methods.
Here in this problem we study the evolution of the universe taking the Robertson-Walker models of radiating perfect fluid distribution in the presence of zero-mass scalar field in which the gravitational parameter G varies with cosmic time t. Solutions are obtained for inflationary phase and radiation-dominated phase. The physical behaviors of the cosmological solutions are discussed. Also we study the effects of incorporating a zero-mass scalar field which is operative during an instantaneous phase transition, and it is found that the presence of the scalar field is instrumental in avoiding the initial singularity and gives freedom to the choice of initial conditions, thus giving advantage of studying different scenarios. Its presence also results in particle creation and thereby influence the subsequent evolution of the universe find Robertson-Walker models starting either from a non-singular origin with a minimum, non-zero G or from a singularity with a vanishing G, where G increases continuously in the radiation dominated era and approaches a constant value as the universe turns matter-dominated, finally the models approaching the standard model. Such study of the evolution of the universe will be of great importance in revealing the many mysteries of the different astrophysical objects in general and the universe in particular.
Field Equations
The line element considered for this problem is
where R(t) is the scale factor and K, the curvature index which takes values +1, 0 and -1. Considering perfect fluid distribution coupled with zero-rest mass scalar field the energy-momentum tensor takes the form
where P ij is the energy-momentum tensor due to a perfect fluid given by
And S ij is the energy-momentum tensor due to zeromass scalar field given by
Where the scalar potential  satisfies the equation
Thus from the Einstein field equation
Now Equations (5) and (6) give
and
From Equation (4) we have
where  is an integration constant.
Again from Equations (7) and (8) we have, eliminating
For the radiating universe we have the relation
Thus Equations (8)- (10) give 
Now from Equations (12) and (13) we have
We consider underneath the different phases and scenario in the course of evolution of the universe.
Thus we have here
where in this paper c t means the time at which the critical temperature occurs, that is at which a phase transition occurs and f t the time at which that particular phase ends.
Case I (a): An Inflationary Phase Now taking the initial condition as R = R o at t = 0, we obtain from Equation (15) 
And from relation (18) we get
since 0 R is a particular value of R at t = 0. Thus Equation (10) 
. 3
Now relations (18) and (19) give, in the limit 
Thus the continuity in H due to phase transition, which arises due to presence of scalar field, is found to be     
Since  H must vanish in the limit, we have 
Case I (b) A Radiation-Dominated Phase
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Also Equations (7) and (10) 
where H = R R  is the Hubble's parameter.
Thus from Equations (11) and (30) we get
Now eliminating  between Equations (31) and (32) we have
which can be rewritten as 
where a dash denotes differentiation w.r. 
Without loss of generality we take the solution of Equation (37) 
where m and c are arbitrary constants. If then we get, from Equation (39)
Thus Equation (39) takes the form
Now Equation (40) gives
Thus we have
And from relations (38), (41) and (42) we get
Also we have  
and 6 2 1 8 3
Here in this case, G is found to be an increasing function of time, whereas  is seen to be a decreasing function of time. In this phase or episode the pressure and density of the universe are found to decrease along with the increase of the cosmic age (of course, if the constants  and m are so related that 2 3 m   ). For this era R is seen to be an increasing function of time thus showing that during this era the universe is expanding.
Case II Now another solution of Equation (14) is
This solution is quite different from the solution in Case-I; more particularly the value of G in this case is very much different from that value of G in Case-I. Thus in this case we will be getting another type of solution (universe) where the big bang scenario, the inflationary phase and the radiation-dominated phase will be quite distinct from that of the universe in Case-I.
From relations (48) and (49) 
And from relation (51) we get 2 2 2 2
Equation (10) 
This shows that k > 0 which implies k = l. Again Equation (49) with the condition R(t) = c R at t = c t give 
Thus the discontinuity in H due to the phase transition, which arises due to the presence of scalar field is found to be
Now we can speculate that   must vanish in the limit and this gives 
Case II (b) Big Bang Scenario
Considering the condition R(t) = 0 at t = 0 and R(t) =
